A neurysmal subarachnoid hemorrhage (SAH) is the cause of Ϸ5% of strokes. 1 Despite the relatively low incidence, the disability and loss of productive life years associated with SAH approaches that of the most common cause of stroke, cerebral ischemia, because it occurs in younger individuals and is associated with a high rate of morbidity and mortality. The leading cause of morbidity and mortality in SAH patients is cerebral vasospasm, in which there is narrowing of the cerebral arterial vessels, leading to increased vascular resistance and ischemia. 2 The pathogenesis of cerebral vasospasm is poorly understood, and thus, treatments to prevent the onset of vasospasm, including calcium channel antagonists, corticosteroids, and antifibrinolytic and antiplatelet agents, have demonstrated variable effectiveness. Recent research has begun to focus on hydroxymethylglutaryl coenzyme A reductase inhibitors, or statins, as a way to prevent vasospasm.
Statins were initially developed as cholesterol-lowering agents but have effects that are independent of their cholesterol-lowering mechanisms, known as "pleiotropic" effects. Statins reduce inflammation and cell proliferation, increase the synthesis of nitric oxide in the body through upregulation of endothelial nitric oxide synthase, and prevent thrombogenesis, all of which could be beneficial in preventing delayed vasospasm. 3, 4 Research in animals has shown that administration of statins increases levels of endothelial nitric oxide synthase proteins in the body, increases cerebral arterial diameter, and reduces neurologic deficit associated with induced SAH. 5, 6 There have been very few human studies on the effects of statins in SAH, and those that have been done have been small; however, they suggest that statins, when administered after aneurysmal SAH, may help improve outcomes, including reducing the incidence and severity of cerebral vasospasm. [7] [8] [9] [10] All randomized, controlled trials that evaluated the effect of statins in aneurysmal SAH have been in small populations of patients. There has been no previous systematic review to investigate the effects of these statins in the treatment of SAH. The goal of this meta-analysis was to determine whether statins are effective in preventing cerebral vasospasm in patients who have had aneurysmal SAH. (1980 to 2007 week 18) , and the Cochrane Central Register of Controlled Trials (second quarter 2007) were searched to identify all studies related to the use of statins in SAH. The search strategy included key words such as "subarachnoid hemorrhage," "statins," and "vasospasm," as well as all known generic and trade names for the statin class of medications (Appendix). Previously validated randomized, control trial filters were applied to the MEDLINE and EMBASE searches. 11 The search strategy was reviewed by library personnel to ensure completeness. All foreign language journals were included, as were articles published as abstracts only. The references of identified articles were searched for citations that might have been missed by the electronic search, and authors were contacted for unpublished or in press data.
Methods

MEDLINE (1950 to April week 4 2007), EMBASE
Two independent assessors (V.A.H.S., J.J.P.) reviewed titles, selected studies for inclusion according to specific criteria (including only randomized controlled trials, administration of a statin to patients after aneurysmal SAH, and measurement of Ն1 of our outcome variables). Interrater agreement was calculated by statistics. All disagreements were resolved by consensus. Data were extracted by 2 independent reviewers (V.A.H.S., J.J.P.) who used standardized data collection forms.
We included all randomized, controlled trials and controlled clinical trials that met the following criteria: (1) The study reported outcomes for incidence of clinical vasospasm, incidence of vasospasm-related delayed ischemic deficits, or mortality; (2) Some patients in 1 study arm received a statin medication; and (3) The study examined patients with confirmed aneurysmal SAH.
Methodologic quality was assessed independently by 2 reviewers (V.A.H.S., J.J.P.). Both reviewers rated all studies on the Jadad scale. 12 This is a validated scale of 5 levels ranging from 0 for low-quality studies to 5 for high-quality studies that were wellblinded, well-randomized, and accounted for all patients intended for the study. Studies were deemed to be of high quality if they received a Jadad score of Ն3. Interrater agreement was measured for both study quality assessments by the statistic (V.A.H.S., J.J.P.).
The primary outcome was the incidence of clinical cerebral vasospasm, which is defined as the clinical manifestation of vasospasm (ie, a neurologic deficit not associated with a rebleed, hydrocephalus, or infection) that has been radiographically determined with an imaging modality such as transcranial Doppler or cerebral angiography as reported by the study's authors. Secondary outcomes included mortality and incidence of vasospasm-related delayed ischemic deficits.
Studies were combined with the use of Review Manager 4.2.10. 13 All outcome variables were dichotomous, so relative risk (RR) was calculated with a fixed-effects model and 95% CIs. Statistical heterogeneity was assessed by a 2 test with a probability value of 0.05 predetermined to indicate significant heterogeneity, as well as visual inspection of the graphic representation of the studies with their 95% CIs. In addition, the I 2 test was used to assess heterogeneity. Publication bias was assessed through visual examination of funnel plots.
Results
Our search strategy (see Appendix) identified 160 titles. From these, the abstracts of 26 articles were examined. Twenty-one articles were excluded because they were duplicates, reviews, or letters or because they were not randomized, controlled trials. Five randomized, controlled trials were identified in which patients in 1 trial arm received statin therapy after SAH and another in which they received placebo. Two of these studies were excluded because they were duplicate articles from the same study but with different outcomes. 9, 10 The statistic for selection by title was 0.64 (95% CI, 0.46 to 0.82) and for abstract it was 0.57 (95% CI, 0.08 to 1.0), whereas the statistic for included studies was 1.0. The for high-quality studies (ie, Jadad score Ն3) was 1.0. The characteristics of the 3 included studies are reported in Table 1 . All 3 studies were doubleblinded, randomized, controlled trials in which 1 treatment arm received statin therapy and another received placebo. Overall, 78 patients received statin therapy and 80 received placebo.
The primary outcome, incidence of vasospasm, was calculated for all 3 studies. The incidence of vasospasm was significantly less in patients who received statin therapy (RRϭ0.73; 95% CI, 0.54 to 0.99; the Figure, a) . The number needed to treat (NNT) for this outcome is 6.1. The 2 test was not significant for this group. The incidence of vasospasmrelated delayed ischemic deficits was significantly lower in patients who received statin therapy (RRϭ0.38; 95% CI, 0.17 to 0.83; Figure, b ). The NNT for this outcome is 5.0. The 2 test for heterogeneity was not significant for this group. The incidence of mortality was also significantly decreased in patients who received statin therapy (RRϭ0.22; 95% CI, 0.06 to 0.82; Figure, c). The NNT for this outcome is 6.7. The 2 test for heterogeneity was not significant for this group of studies.
Discussion
The results of this meta-analysis demonstrate that statin therapy is superior to placebo for decreasing the incidence of cerebral vasospasm, overall mortality, and the incidence of delayed ischemic deficits after SAH. Based on these results, administration of a statin to all patients (for whom the drug is not contraindicated) after SAH should be encouraged.
The finding that statins decrease the incidence of radiographically confirmed clinical vasospasm after SAH is supported by findings in animal research, 5, 6, 14 as well as the trials conducted by Lynch and colleagues 7 and Tseng and colleagues, 8 all of whom found a decreased incidence of vasospasm with statin therapy. It is also consistent with the finding of 2 retrospective studies, 1 of which found that discontinuation of prior statin use in patients after SAH led to an increased incidence of vasospasm, and another study that found a significant decrease in vasospasm among statin users whose therapy was continued during hospitalization. 15, 16 This suggests that statin use imparts cerebrovascular protection that is lost once the medication is discontinued. It is, however, 
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inconsistent with the preliminary results reported by Ogilvy and colleagues. 17 We found that the incidence of vasospasm-related delayed ischemic deficits was significantly lower in the statin group. This is supported by animal as well as human research, which has reported improved neurologic outcomes and functional status in patients who received statins either before or after SAH. 5, 18 In randomized, controlled trials, Tseng et al 8 also reported a significant decrease in delayed ischemic deficits for those who received statins; however, preliminary results from the study of Ogilvy et al 17 did not support this finding, although visual examination of their results revealed a trend toward a decreased incidence of vasospasm-related delayed ischemic deficits that did not reach statistical significance. The NNT for this outcome was 5, indicating that statin therapy is required for 5 people to prevent 1 delayed ischemic deficit. This low NNT strongly supports statin use in eligible patients.
Finally, this analysis demonstrated a significant decrease in mortality in patients who received statin therapy. This concept is supported by the study conducted by Lynch et al. 7 The results reported by Ogilvy et al 17 do not support this finding; however, once again, their results did show a trend toward decreased mortality in patients who received statin therapy. This finding does contradict the results of a retrospective cohort study conducted by Parra and colleagues, 18 who found no significant difference in mortality at 14 days between patients who received statins and those who did not. The NNT calculated from our study for this outcome is 6.7, which is very low and strongly supportive of statin use after aneurysmal SAH.
There was no significant preictal statin use in any of the 3 studies. Ogilvy et al 17 and Tseng et al 8 both excluded patients with prior statin exposure from their study, and in the study conducted by Lynch and colleagues, 7 only 2 patients in the statin group and 1 patient in the control group were on statin therapy at the time of the SAH. There was no indication in the study by Lynch et al 7 that patients received concurrent therapy with any of the other drugs that have been proposed for treatment of SAH (ie, calcium antagonists, corticosteroids, fibrinolytic agents, or antiplatelet therapy). In the study conducted by Ogilvy et al, 19 patients with angiographically confirmed vasospasm received intra-arterial nicardipine, a calcium channel blocker with higher selectivity to cerebral blood vessels. In the study by Tseng et al, 8 all patients received concurrent nimodapine treatment. There is no indication how many patients received this therapy; therefore, any potential influence on their results cannot be assessed.
There is currently no evidence to indicate when statin therapy is best begun after SAH; however, cerebral vasospasm is generally believed to occur within 4 to 10 days after SAH. 20 Statin treatment was started within 96 hours of SAH in all studies (Lynch et al, 7 48 hours; Tseng et al, 8 72 hours; Ogilvy et al, 19 96 hours). The optimal length of statin therapy has also not yet been determined. In the study conducted by Lynch et al, 7 therapy was continued for 14 days. Tseng et al 8 continued therapy for a maximum of 14 days or until hospital discharge (47.5% completed 14 days of therapy), and in the study conducted by Ogilvy et al, 19 therapy was continued for the duration of the patients' stay in the intensive care unit. They reported a maximum duration of 21 days but did not report the average duration of treatment.
No meta-analyses have focused exclusively on the effects of statin therapy after aneurysmal SAH. There are currently 2 publications that we are aware of that have reviewed the current treatments available to prevent cerebral vasospasm in SAH and that mention the potential role for statin therapy. The first review by Naval and colleagues 21 on the different proposed methods of cerebral protection after SAH summarized the current evidence from randomized, controlled trials and retrospective studies that have been conducted on the potential for statins in this role. The second review by Weyer and colleagues 22 was a meta-analytic review of the different treatments that are currently considered for the management of vasospasm after aneurysmal SAH. This study addressed statin use very briefly and only included the studies by Lynch et al 7 and Tseng et al. 8 The body of research on the effect of statins after SAH is small. The trials conducted to date have been summarized in Table 2 . In addition to human studies, there have been 3 animal studies 5, 6, 14 that have reported the effects of statins on cerebral vasospasm after induction of SAH. All 3 studies used simvastatin either for pretreatment or posttreatment after SAH. All 3 studies found a significant increase in target arterial diameter, which indicates a decreased incidence of cerebral vasospasm. In human research, Tseng et al 9, 10 published 2 additional articles on results from the same study as the Tseng et al article that we included for meta-analysis but examined different outcomes. They showed generally more favorable outcomes for the group that received statin therapy. Three other retrospective studies examined outcomes in patients who received statin therapy before SAH. One study by McGirt et al 16 (Nϭ115 patients) reported an 11-fold decrease in the incidence of vasospasm among patients who had received statin therapy for at least 1 month before SAH and who continued to receive statin therapy throughout their hospital stay. A second study by Parra et al 18 (Nϭ60 patients) Figure. Forest plot for studies reporting (a) the overall incidence of vasospasm, (b) the incidence of vasospasm-related delayed ischemic deficits, and (c) overall mortality.
found an improvement in the incidence of delayed ischemic deficits, although these authors reported no impact on mortality. The third study by Singhal and colleagues 15 (Nϭ514 patients) reported an increased risk of vasospasm in patients who had been on statin therapy before SAH. This effect is postulated to be due to the effect of acute discontinuation of statin therapy on hospital admission, which would further support the belief that statins are protective against vasospasm. Together, these studies support a beneficial role for statin therapy after SAH.
Limitations
The major limitation of this review is the small sample size, with a total of only 158 patients. There have not been any large randomized, controlled trials for examining the use of statins after SAH, and there have been very few small trials. We identified only 2 small studies and 1 abstract publication that met our inclusion criteria. The second limitation is that the heterogeneity test for the primary outcome was significant, indicating that it may not be appropriate to combine the included studies for this outcome.
Strengths
We believe that our study has several strengths. Our analysis is unique in that it is the only meta-analysis that we are aware of to examine the use of statin therapy after aneurysmal SAH. We also used a very open search strategy to include all non-English and abstract publications that related to our topic to be as inclusive as possible. Our use of 2 independent reviewers also helped to ensure that we included only appropriate and high-quality studies. We contacted the authors of all identified studies directly in an attempt to obtain unpublished or in press data. We also contacted the authors of 1 in-progress clinical trial in an attempt to gather more information.
Implications for Practice
The principal findings from this analysis, decreased incidence of vasospasm and decreased rates of delayed ischemic deficits and mortality, have important implications for the treatment of aneurysmal SAH. Currently, there are several therapies that have been proposed to improve outcomes after SAH, but only calcium channel antagonists have proven effective. Despite the limitations of this investigation, the results of this review support the use of statins in SAH, as they are a relatively safe medication and few patients need to be treated to obtain an improved outcome. Physicians should consider initiating statin therapy immediately after diagnosis of SAH. The optimal duration and dose of therapy cannot be determined from this study.
Implications for Future Research
In light of our findings and the small number of randomized, controlled trials that studied the impact of statin therapy after aneurysmal SAH, we believe that further investigation in this area is warranted. We are currently aware of 3 in-progress randomized, placebo-controlled, double-blind clinical trials examining the use of statin therapy after SAH. The first is a multicenter phase III trial (the STASH trial) with a planned enrollment of 800. The second smaller study has a planned 
